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Abstract 

We study a free field realization of the elliptic quantum algebra U q>p (sls) for 
arbitrary level k. We give the free field realization of elliptic analogue of Drinfeld 
current associated with U q ^ p {sl^) for arbitrary level k. In the limit p — > 0, q — > 1 our 
realization reproduces Wakimoto realization for the affine Lie algebra 5/3. 

PACS numbers : 02.20.Sv, 02.20.Uw, 02.30.1k 

1 Introduction 

The elliptic quantum group has been proposed in papers [1, 2, 3, 4, 5]. There are two types 
of elliptic quantum groups, the vertex type A?,p(s^v) and the face type B qi \(g), where g 
is a Kac-Moody algebra associated with a symmetrizable Cartan matrix. The elliptic 
quantum groups have the structure of quasi-triangular quasi-Hopf algebras introduced 
by V. Drinfeld [6]. H.Konno [7] introduced the elliptic quantum algebra U qyP (sl2) as an 
algebra of the screening currents of the extended deformed Virasoro algebra in terms 
of the fusion SOS model [8]. M.Jimbo, H.Konno, S.Odake, J.Shiraishi [9] continued to 
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study the elliptic quantum algebra U q , p {sl 2 ). They constructed the elliptic alnalogue 
of Drinfeld currents and identified U q>p (sl 2 ) with the tensor product of B q ^\{sl 2 ) and a 
Heisenberg algebra H. The elliptic quantum group B q ,\{sl 2 ) is a quasi-Hopf algebra while 
the elliptic algebra U qtP (sl 2 ) is not. The intertwining relation of the vertex operator 
of B q> \(sl 2 ) is based on the quasi-Hopf structure of B q> \(sl 2 ). By the above isomorphism 
U q;p (sl 2 ) ~ B qt \(sl 2 )®H, we can understand "intertwining relation" of the vertex operator 
for the elliptic algebra U q , p {sl 2 ). Along the above scheme the elliptic analogue of Drinfeld 
current of U qtP (sl 2 ) is extended to those of U q , p (g) for non-twisted afline Lie algebra g 
[9, 10]. In this paper we are interested in higher-rank generalization of level k free field 
realization of the elliptic quantum algebra. For the elliptic algebra U q ^ p (sl 2 ), there exist 
two kind of free field realizations for arbitrary level k, the one is parafermion realization 
[7, 9], the other is Wakimoto realization [16]. In this paper we are interested in the higher- 
rank generalization of Wakimoto realization of U q)P (sl 2 ). We construct level k free field 
realization of Drinfeld current associated with the elliptic algebra U qtP (sl 3 ). This gives 
the first example of arbitrary level free field realization of the higher-rank elliptic algebra. 
This free field realization can be applied for construction of the integrals of motion for 
the elliptic algebra U q ^ p {sl 3 ). For this purpose, see references [17, 18, 19]. 

The organization of this paper is as follows. In section 2 we set the notation and 
introduce bosons. In section 3 we review the level k free field realization of the quantum 
group U q (sl 3 ) [15]. In section 4 we give the level k free field realization of the elliptic 
quantum algebra U q:P (sl 3 ). In appendix we summarize the normal ordering of the basic 
operators. 



2 Boson 

The purpose of this section is to set up the basic notation and to introduce the boson. 
In this paper we fix three parameters q, k, r G C. Let us set r* = r — k. We assume 
k 7^ 0, —3 and Re(r) > 0, Re(r*) > 0. We assume q is a generic with \q\ < 1, q ^ 0. Let 
us set a pair of parameters p and p* by 

P= Q , V = q ■ 
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We use the standard symbol of g-integer [n] by 

N = — • 

q-q 1 

Let us set the elliptic theta function Q p (z) by 

Q p (z) = (z;p) 00 (p/z;p) 00 (p;p) 00 , 

oo 

(z;p) OQ = l[(l-p n z). 

n=0 

It is convenient to work with the additive notation. We use the parametrization 

q = e" 7 ^/^, 

z = q 2u . 

Let us set Jacobi elliptic theta function [u] r , [u] r * by 

Mr = Q r 7 ^r, [u\ r *=q~* 



loo 



The function [u] r has a zero at u — 0, enjoys the quasi-periodicity property 

[u + r] r = — [u] r , [u + rr] r = —e~ 7T ^~^ T [u] r . 
Let us set the delta-function S(z) as formal power series. 

Following [15] we introduce free bosons a* , a 2 , b l n1 b\, b^, c l n1 c 2 , c^, (n G Z^ )- 

KXJ = [{k + 3) " ][Aijn] 6 n+mfl , \pi, qi\ = (k + 3) Aj, (<,J = 1,2), (2.1) 
[nl 2 

[&nX] = -— Mn +m ,o, IM = -*m, (i,j = 1,2,3), (2.2) 

• • \n\ 2 ■ ■ 

[c l n ,O m ] = [ -L5 id 5 n+mfi , V e ,£] = 5ij, (i,j = 1,2,3). (2.3) 

77/ 



Here we have used Cartan matrix 



An A 12 \ 12 -1 

Mi M2 J \ -1 2 

For parameters ai, 02, 61, 62, &3, ci, C2, C3 G M, we set the vacuum vector \a, b, c) of the Fock 
space J r oio 2 6i62&3CiC2C3 as following. 

<|a, 6, c) = 6 J ja, 6, c) = c£|a, 6, c) = 0, (i = 1, 2; j = 1, 2, 3), (2.4) 



P l a\a,b,c) = (n\a,b,c), pl\a,b,c) = bj\a,b,c), p 3 c \a,b,c) = Cj\a,b,c), 

(i = l,2;j = l,2,3;n>0). 



(2.5) 



The Fock space T t 



is generated by bosons a}_ n , a 2 n , b 1 _ n , b 2 _ n1 b^ n , c\ 



r 2 

ni ^—ni ^—ni ^—ni ^—ni ^—ni ^—ni ^—n 



for n G N^o- The dual Fock space T\ 



aia 2 bib 2 b 3 ciC2C 3 



is defined as the same manner. In this 



paper we construct the elliptic analogue of Drinfeld current for U q ^ p (sls) by these bosons 
a n> tyn c i, acting on the Fock space. 



3 Free Field Realization of U q {sl^) 

The purpose of this section is to give the free field realization of the quantum affine algebra 
Uq{sl$). We give a review of Wakimoto realization of U q (sl$) [15]. Let us set the bosonic 
operators a±(z), b±(z), Y(z),(3 l s (z) by 

ai{z) 



b l Jz 



b\z 
c\z 

Y(z 



±(? - ? _1 ) E a ±^ T " ± tiJoSQ, (i = 1. 2), 

n>0 



n>0 



-£o*~ B + (* = 1 » 2 ,3), 



= .^^-n + gj+pyog^ (i = 1,2,3), 



(3.1) 
(3.2) 

(3.3) 

(3.4) 



E^^^ n + (^ + ^) + (pi+P>g(-^, (< = 1,2,3), (3.5) 



#(*) = V + (z)-(V + j)(qz), (3i(z) = bi(z)-(b i + c i )(q- 1 z), (i = 1,2,3), (3.6) 
#(z) = 6^) + (6* + <%*), ^)=6L(«) + (6 i + c i )(9- 1 «), (< = 1,2,3). (3.7) 

We give a free field realiztaion of Drinfeld current for U q (slz). 

Definition 3.1 We define the bosonic operators e1[ (z) , e% (z) , (z) , (z) by 



et(z) = 
et(z) = 

e i» = 



eo (z 



(? 


-q-^)z 




-1 


(q 


- q^)z 




-1 


(q 


- q^)z 




-1 



(q-q 





-el'\z)), 




(et'\z) 


- ep\z) + ep 3 (z) - 


el'\z)), 


(e?\z) 


~ ei'\z) - e^\z) + 


e?\z)\ 


{e- 2 \z) 


-e-' 2 (z) + e-' 3 (z)- 


e~'\z)). 



(3.8) 
(3.9) 
(3.10) 
(3.11) 
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1>f(z) = : exp (bl(q ±k z) + b l ± {q^ k+2 h) + b 2 ^^ z) - bKq^^z) + al(q ±h P zj) :, 

(3.12) 

^(*) = : exp (-6i(g ± ( fe+1 ^) + b 2 ± {q ±k z) + &|(g ± ( fc+1 ^) + bl(^ h+3 h) + a|(g ±i ^z)) :, 

(3.13) 

Here we have set 



e+>\z) = 


: exp (/3 1 1 (^)) :, 


(3.14) 


eV(z) = 


: exp (Pl(z)) :, 


(3.15) 


4'\z) = 


:exp( 7 1 (z)+p 2 1 (z)) :, 


(3.16) 


4\z) = 


:exp (y( 2 ) +/ 3 2 2 ( 2 )) : , 


(3.17) 


+ ,3/ \ 

e 2 {z) = 


:exp ({3l(qz)+b 2 + (z)-b l + (qz)) :, 


(3.18) 


4 A {z) = 


:exp (/3f(^)+6 2 (z)-^(^)) :> 


(3.19) 


e?\z) = 


: exp (j3l(q- k - 2 z) + & 2 (^"V) - b 3 _(q- k ' 2 z) + a^"^)) :, 


(3.20) 


e~>\z) = 


: exp (j3l(q k+2 z) + b 2 + {q k+3 z) - b 3 + (q k+2 z) + a l + {q^ z)) :, 


(3.21) 


e?\z) = 


: exp ( 7 V +2 *) + + & 2 + (g fe+3 ^) - ^ (q k+2 z) + a\{q^ z"j 


(3-22) 


e?%) = 


: exp ( 7 2 (g fe+2 .) + PUq k+2 z) + b 2 + (q k+3 z) - b%{q k + 2 z) + a^*) 


(3.23) 


e? 1 ^) = 


: exp (t^"* -1 *) - /^(g - * -1 *) + 2b z _{q- k - 1 z) + aifa-** 2 *)) :, 


(3.24) 


^2 ,2 (z) = 


: exp (yV* -1 *) " AV* -1 *) + 2b 3 _(q- k ^z) + a 2 _(<T^)) :, 


(3.25) 


-.3/ \ 


: exp [pl{q~ k ~ 3 z) + a 2 (q-^zfj :, 


(3.26) 


e2' 4 W = 


:exp (/3 3 V + ^) + 4(^^)) 


(3.27) 



Here the symbol : O : represents the normal ordering of O. For example we have 



l bib). k<0 

= hk = < ■ pIqI ■■=■■ qIpI ■■= qIpI 
{ W, k > o. 

Theorem 3.1 [15] The bosonic operators ef(z), tpf{z), (i = 1,2) satisfy the following 
commutation relations. 

(z 1 -q A ^z 2 )et(z 1 )e+(z 2 ) = (q A ^ z, - z 2 )e+(z 2 )et(z 1 ), (3.28) 
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(z 1 -q- A ^z 2 )e-(z 1 )ej(z 2 ) = (q~ A ^ z ± - z 2 )e~ {z 2 )e~ {z±), (3.29) 
l^( Zl )^f(z 2 )] = 0, (3.30) 

(zi - q Ai > j - k z 2 )( Zl - q- A ^ +k z 2 )^t( Zl )^J( Z2 ) 
= {zi _ ^+^ 2 )(^ - q- A ^ k z 2 )i;f(z 2 )^t(zi), (3.31) 

- g±(^-4 )z 2 )tf( Zl )ef(z 2 ) = (q ±A ^ Zl - ^ z 2 )ef(z 2 )rt( Zl ), (3.32) 

- g^-^^ef^)^,-^) = (g ± ^z 1 -g^^ 2 )V;-(z 2 )e J ± (z 1 ), (3.33) 

{et( Zl )et(z 2 )ef(z 3 ) - (q + q^efizjef^efiz,) + et(z 3 )et( Zl )ef(z 2 )} 

+ { Zl ^z 2 } = 0, for (i^j), (3.34) 

tt(*W<*)] - (' (r*|) - 5 (* fe i) • 

(3.35) 

Hence ef(z),ip^(z) give level fc free field realization of U q (sl 3 ). 



4 Free Field Realization of U qjP (sls) 

The purpose of this section is to give a free field realization of the elliptic analogue of 
Drinfeld current for U q , p {sl 3 ) with arbitrary level k ^ 0, —3. Let us set the bosonic 
operators B£{z),&±(z),{i = 1,2,3), A* i (z) : A i (z),(i = 1,2) by 

B*{z) = e W (±J2^f), (< = 1,2,3), (4.1) 



n>0 



£T ± (*) = expfi^iz-l, (. = 1,2,3), (4.2) 



rn 

n>0 L J 



= HEp^ 1 )' (* = 1 ' 2 )> ( 4 - 3 ) 



vn>0 



= ex p(-E^" n )' (* = 1 > 2 )- ( 4 - 4 ) 

n>0 <■ * 
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Definition 4.1 Let us set the bosonic operators Ci(z) , f%{z) , tyf (z) , (i = 1,2) fry 

e,(z) = f/«(^)e+(z), (i = 1,2), (4.5) 

f i (z)=er(z)U i (z), (i = l,2), (4.6) 

*t(z) = ^(^^(^((T^), (i = 1,2), (4.7) 

*,^) = ^(?%(^(^) 1 (< = 1,2). (4.8) 

i/ere we have set 



k-3 



U*\z) = Bf(q r z)B^(q r - 2 z)B^(q r - 6 z)B*_\q r - 2 z)A* 1 (q r+ ^z), (4.9) 

U* 2 (z) = Bf(q r ''- 3 z)Bf(q r ''- 1 z)B* 2 (q r ''z)B*_ 1 (q r *- 1 z)A* 2 (q r '' +h ^z) : (4.10) 

U\z) = Bl(q- r *z)Bl(q- r * +2 z)B 2 _(q- r * + h)Bl(q- r * +2 z)A\q- r *- h ^z), (4.11) 

U 2 (z) = Bl{q- r ' +1 z)Bl{q- r ' +1 z)B 2 _{q- r 'z)B\{q- r ' +1 z)A 2 {q- r '- k -^z). (4.12) 

The above free field realization of the twistors U* l (z), U l (z), (i — 1, 2) is the main result 
of this paper. 

Proposition 4.1 The bosonic operators e,i(z), fi(z), ^ff(z), (i — 1, 2) satisfy the follow- 
ing commutation relations. 

e^)e,(z 2 ) = q-^ ^^J^ e^)^), (4.13) 

fcy(<? ^Zi/^J 

Hp. (g IJ 2^1/^2) 



P *(q Ai ^h 1 /z 2 ) 
e p *(q Ai ^z 1 /z 2 ) 



= T v * » 1 T e i(^)^(^). ( 4 - 18 ) 



(i^j). (4.19) 
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We introduce the Heisenberg algebra Ti generated by the following Pj, Q iy (i = 1, 2). 



[Pii Qj 



A,, 



, = 1,2). 



(4.20) 



i 3 \- 2 

Definition 4.2 Let us define the bosonic operators E^z) , Fi(z) , H.f {£) G U q {slz)®7i, 
(2 = 1,2) ^ 



Hf{z) 
Hf{z) 



ei (z)e 2Ql z-^, E 2 {z) = e 2 {z)e 2Q *z-^ 

Jl{z)Z r Z 

qf(z)e 2Q ^qT-2z) 
^(z)e 2Q2 (q^z) 



F 2 (z) = f 2 (z)z 



2yl+vl-pl+vl P 2 -l 



( q ±(r-1) z y 



k .^b+PbZlblA , +( r -^ \ P 2- 1 P 2~l 
r (Q 2 Z) r r * 



(4.21) 
(4.22) 
(4.23) 
(4.24) 



Theorem 4.2 The bosonic operators Ei(z), Fi(z), H i (z), (i = 1,2) satisfy the following 
commutation relations. 

^E^zjE^), 



EiizjEjizJ 



Ui — u 2 + 



A 



u x - u 2 



u x - u 2 



(4.25) 



A 



u\ - u 2 + 



A 



-Fjiz^F^), 



(4.26) 



Ht{ Zl )Hf{z 2 ) 



A 



u x -u 2 - 



U\ - u 2 + 



H+( Zl )H7(z 2 ) 



Ui—U 2 + 



u x - u 2 



A 



A 



2 2 



Ui - u 2 
k 



h3 



'-H?(z 2 )H±( Zl ), 



(4.27) 



Ai,j k 



ui-u 2 + —^ + - 



Ui~U 2 + 



k 



HHzi)Ej(z 2 ) 



Ui — u 2 ± — - 

4 2 



u 1 -u 2 -^ + - 



-E 3 (z 2 )H±( Zl ), 



u 1 -u 2 ±-- — 



-Hj{z 2 )H+{ Zl ), 

(4.28) 
(4.29) 



k A. 



(4.30) 



8 



Now we have costructed level k free field realization of Drinfeld current E^z), F^z), Hf(z) 
for the elliptic algebra U q . p (sl 3 ). This gives the first example of arbitrary-level free field 
realization of higher-rank elliptic algebra. 
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Appendix 

In appendix we summarize the normal ordering of the basic operators. 



: e 



7 4 0i 



: e^ (zi 



: e!' 



o /3|0i 



BUz, 



■ Bt{z 2 ) 

■ B*;{z 2 ) 

■ Btizi) 



: e 



7* (22) . 



: e 



: e 



: e^ izi) : 



(22) ; 
e ^M)B»(z 2 ) : 
e m*i)B*j( Z2 ) : 
e^B*j(z 2 ) : 
e^B*l{z 2 ) : 
Bl{ Zl )e^ {z2) : 
Bi( Zl )e^ : 
&_(z x )SW : 
BHzM^ : 



(q r +1 z 2 /z 1 ;p*) 00 
(q r *~ 1 z 2 /z 1 ;p*) co : 

{q r *z 2 /z 1 ;p*) 00 
{q r " +2 z 2 / z^p*)^ 

(q r *z 2 /zi;p*) OQ 

{q r * +2 z 2 l Z \\V*)J 
(q r *z 2 /z 1 ;p*) OQ 

{(f~ 2 z 2 lz\\V*)J 
(q r *z 2 /z 1 ;p*) 00 
{q r * +2 z 2 /zi,p*)^ 
{q r+1 z 2 /z 1 ;p) OQ 
{q r ~ 1 z 2 /zi,p) 00 ' 
(q r z 2 /z 1 \p) 00 
{q^zijz^p)^ 
{q r z 2 /z 1 ;p) OQ 

(q r+2 z2/z 1 ■,p) 00 , 

(q r z 2 /z 1 ;p) OQ 
{q r ~ 2 z 2 /zi\p)oo' 



Bl(zi) : J 



e b + {zi) B*;{z 2 ) = : e b + {zi) B*;{z2) : 
BL(zi)e 6L(a2) = rBL^Oe 1 



{q r z 2 /zi,p) 
(g r *z 2 /zi;p*) 



*"\2 
oo 



(g r * +2 2 2 M;P*)oo(<f* 2 z 2 /zi;p*) c 



(<f+ 2 z 2 M;p)oc(g r 2 z2/zi,p) c 



e a + {zi) A* i (z 2 ) 
e a + {zi) A* 2 (z 2 ) 



. e <(^i)^( Z2 ) 
: e a + (zi U* 2 (^ 2 ) : 



^ 2 (^)e oL («) 



: ^(zi)e a - ( * 2) 
: ^ 2 (^)e aL ^) 



(g r * +fc+5 ^ 2 M;p*) 


oo{q r * 


- k - 5 z 2 /z 1 ;p*) OQ 


(<7 r * +fe+1 z 2 /zi;p*) 


oo(q r * 


~ k ~ 1 z 2 /z 1 ;p*) 00 


(q r '+ k + 2 z 2 /z 1 ;p* 


)oo(q r> 


~ k ~ 2 z 2 /z 1 ;p*) OQ 


(q r * +k+4 z 2 /z 1 ;p* 


)oc{q r ' 


- k - 4 z 2 /z 1 ;p*) 00 


{q r * +k+2 z 2 /zi,p* 


)oo(g r " 


~ k ~ 2 z 2 /z 1 ;p*) OQ 


(q r * +k+4 z 2 / Zl ;p* 


)oo(g r " 


~ k ' 4 z 2 /zi;p*) 00 


(q r + k + 5 z 2 /z 1 ;p) 00 ( 




5 z 2 /z 1 ;p) 00 


(q r+k+1 z 2 /z 1 ;p) OQ ( 


q r-k- 


1 z 2 /z 1 ;p) 00 ' 


(q r+k+2 z 2 /z 1 ;p) oc 


[ g r-k- 


~ 2 z 2 /zi;p) OQ 


(q r+k+4 z 2 /z 1 ;p) 00 


{q r ~ k ~ 


- 4 z 2 /z 1 ;p) OQ ' 


(q r+k+2 z 2 /z 1 ;p) oc 


{q r ~ k ~ 


~ 2 z 2 /zi;p) OQ 


(q r+k+4 z 2 /z 1 ;p) oc 


( q r-k- 


- 4 z 2 jz 1 \p) 00 ' 



B i _(z 1 )BX(z 2 ) = : Bi( Zl )BX(z 2 ) : 



(q k z 2 /z 1 ;q 2k ,p*) 



/oo 



(g fc+2 z 2 /zi; q 2k ,p*)oo(q k ~ 2 z 2 /z l ; q 2k ,p*) c 



x 



(g fc+2 ^ 2 /^i; q 2k : p) O0 (q k 2 z 2 /z l ] q 2k 1 p) c 
(q k z 2 /z 1 ;q 2k ,p) 2 OQ 



MzJA*^) = : A\ Zl )A*\z 2 ) : 



(q 2k+5 z 2 /z 1 ; q 2k ,p*)oo{q 5 z 2 /z 1 ; q 2k ,p*) c 



x 



(q 2k+1 z 2 /z 1 ; q 2k ,p*)oo{q~ 1 z 2 /z 1 ; q 2k ,p*) c 
{q 2k+1 z 2 /z 1 - q 2k ,p) O0 {q- 1 z 2 /z 1 ; q 2k ) p)o Q 
(q 2k+5 z 2 /zi; q 2k ,p)oo(q~ 5 z 2 /z 1 ; g 2fc ,p)oo' 



A\ Zl )A* 2 (z 2 ) = :A\z 1 )A* 2 (z 2 ): 



(q 2k+2 z 2 /zi, q 2k ,p*)oo(q 2 z 2 /z l ] q 2k ,p*) c 



X 



A 2 ( Zl )A*\z 2 ) = :A 2 (z 1 )A*\z 2 ): 



(q 2k+4 z 2 /zi, q 2k ,p*)oo{q~ 4 z 2 /zi, q 2k ,p*) c 
{q 2k+A z 2 /z l ; q 2k ,p)oo(q~ 4 z 2 /z 1 ; q 2k ,p)oo 
(q 2k+2 z 2 / z\\ q 2k ,p)oo{q~ 2 z 2 / z\\ q 2k , p)^ ' 

2/ \ „*i, \ . (q 2k+2 z 2 /z 1 ;q 2k ,p*) 00 (q~ 2 z 2 /z 1 ;q 2k ,p*^ 



X 



(q 2k+4 z 2 /z 1 ; q 2k ,p)oo(q A z 2 /zi] g 2k ,p) c 
(q 2k+2 z 2 /zi, q 2k ,p)oo(q~ 2 z 2 /zi, q 2k ,p) c 

Here we have used the notation 



(q 2k+4 z 2 /zi, q 2k ,p*)oo{q 4 z 2 /zi, q 2k ,p* 

2k 



(z]Pl,P2)c 



= n f 1 

711,712=0 



10 



References 

[1] O.Foda, K.Iohara, M. Jimbo, R.Kedem, T.Miwa, H.Yan: An elliptic quantum algebra 
for sT 2 , Lett. Math. Phys. 32, 259-268 (1994). 

[2] G.Felder: Elliptic quantum groups, Proceedings for International Conference of 
Mathematical Physics 1994, Paris, Cambridge-Hong Kong : International Press, 
1995, pp.211-218. 

[3] C.Fr^nsdal : Quasi-Hopf deformation of quantum group, Lett. Math. Phys. 40, 117-134 
(1997). 

[4] B.Enriquez and G.Felder : Elliptic quantum group E T:V (sl2) and quasi-Hopf algebra, 
Commun.Math.Phys.195, 651-689, (1998). 

[5] M. Jimbo, H.Konno, S.Odake and J.Shiraishi : Quasi-Hopf twistors for elliptic quan- 
tum groups, Transformation Groups 4, 303-327, (1999). 

[6] V.Drinfeld : Quasi-Hopf algebras, Leningrad Math.,]. 1, 1419-1457, (1990). 

[7] H.Konno : An Elliptic Algebra C/ ?)P (sZ 2 ) and the fusion RSOS model, Com- 
mun.Math.Phys.195, 373-403, (1998). 

[8] E.Date, M.Jimbo, A.Kuniba, T.Miwa and M.Okado : Exactly solvable SOS 
model: II. proof of the star triangle relation and combinatrial identities, 
Adv. Stu. Pure. Math.16,17-122, (1998). 

[9] M.Jimbo, H.Konno, S.Odake and J.Shiraishi : Elliptic Algebra U q ^(sl 2 ) : Drinfeld 
currents and vertex operators, Commun.Math.Phys.199, 605-647, (1999). 

[10] T.Kojima and H.Konno : The Elliptic Algebra U q ^ p (sl N ) and the Drinfeld Realization 
of the Elliptic Quantum Group B q> \(sl N ), Commun.Math.Phys.237, 405-447, (2003). 

[11] M.Wakimoto : Fock representation of the Affine Lie Algebra A^\ Com- 
mun.Math.Phys.104, 605-609, (1986). 

[12] B.Feigin and E.Frenkel : Representation of Affine Kac-Moody algebra and bosoniza- 
tion, Physics and Mathematics of Strings, World Scientific, 1990, 271-316. 



11 



[13] A.Matsuo : A q-deformation of Wakimoto modules, primary fields and screening 
operators, Commun.Math.Phys.l60,33-A8,(199A). 

[14] J.Shiraishi : Free Boson Realization of U q (sT 2 ), Phys.Lett. A171, 243-248, (1992). 

[15] H.Awata, S.Odake and J.Shiraishi : Free Boson Representation of U q (sl 3 ), 
Lett. Math. Phys. 30, 207-216, (1994). 

[16] W.Chang and X.Ding : On the vertex operators of the elliptic quantum algebra 
U q , p (sk) k J. Math. Phys. 49, 043513, (2008). 

[17] T.Kojima and J.Shiraishi : The Integrals of Motion for the Deformed W^-Algebra 
W qjt (sl N ). II. Proof of the Commutation Relations, Commun. Math. Phys. 283, 795-851, 
(2008). 

[18] T.Kojima and J.Shiraishi : A remark on the integrals of motion associated with 
level h realization of the elliptic algebra U q:P (sl 2 ), Proceedings for 10-th international 
conference on Geometry, Integrability and Quantization 2008, Bulgaria. 

[19] T.Kojima and J.Shiraishi : The integrals of motion for the elliptic deformation of 
the Virasoro and Wn algebra, Proceedings for 5-th World Congress for Nonlinear 
Analysts 2008, Florida, USA. 



12 



